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Abstract  24 
Objective: To verify the effects of gait and robotic stair training with G-EO System, associated 25 
with conventional rehabilitation, on gait speed and endurance and trunk control of stroke 26 
participants. Method: Retrospective study with 28 participants in the chronic phase of the 27 
disease. G-EO System was used for gait and stair robotic intervention. 20-session protocol of 28 
20 minutes associated with conventional multidisciplinary therapy. The 10-meter Walk Test 29 
(10mWT), 6-minute Walk Test (6MWT) and Trunk Impairment Scale (TIS) tools were used. P 30 
values <0.05 were considered statistically significant with Wilcoxon test before and after 31 
intervention. Results: Significant differences found in the tests. TIS presented initial mean value 32 
of 14.29 (± 5.30) and final value of 17.04 (± 4.49), with p = 0.00044. 10mWT presented average 33 
initial velocity of 0.498 m/s (± 0.27) and final velocity of 0.597 m/s (± 0.32), p = 0.00008. 6mWT 34 
presented mean initial value of 155.89m (± 85.96) and final value of 195.39m (± 109.78), p = 35 
0.00152. Conclusion: Gait and stair robotic therapy, associated with conventional therapy, was 36 
effective in promoting increased speed, endurance aptitude for greater gait distances and trunk 37 
control in individuals with chronic stroke after stroke. 38 
 39 
Keywords: Stroke, Gait, Recovery of Function, Neurological Rehabilitation, Robotics 40 
 41 
RESUMO 42 
Objetivo: Verificar os efeitos do treino de marcha e escada robótica, com o G-EO System, 43 
associado à reabilitação convencional, na velocidade e resistência de marcha e controle de 44 
tronco de participantes acometidos pelo acidente vascular cerebral (AVC). Método: Estudo 45 
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retrospectivo com 28 participantes na fase crônica da doença. Utilizou-se o G-EO System como 46 
intervenção de marcha e escada robótica. Protocolo de 20 sessões de 20 minutos associado à 47 
terapia multidisciplinar convencional. Utilizados as ferramentas de Teste de Caminhada de 10 48 
metros(TC10m), Teste de Caminhada de 6 minutos(TC6min) e Escala de Deficiências de 49 
Tronco(EDT). Valores de p<0,05 foram considerados estatisticamente significativos com teste 50 
de Wilcoxon pré e pós intervenção. Resultados: Encontradas diferenças significativas nos 51 
testes. EDT apresentou valor médio inicial de 14.29 (±5.30) e final de 17.04 (±4.49), com 52 
p=0.00044. TC10m apresentou velocidade inicial média de 0.498 m/s (±0,27) e final de 0,597 53 
m/s (±0.32), p=0.00008. TC6min apresentou valor inicial médio de 155.89m (±85,96) e final de 54 
195.39m (±109.78), p=0.00152. Conclusão: Terapia de marcha e escada robótica, associada 55 
à terapia convencional, foi eficaz para promover aumento na velocidade, resistência e aptidão 56 
para maiores distâncias de marcha e controle de tronco nos indivíduos em fase crônica após 57 
acometimento de AVC. 58 
 59 
Palavras-chave: Acidente Vascular Cerebral, Marcha, Recuperação de Função Fisiológica, 60 
Reabilitação Neurológica, Robótica 61 
 62 
INTRODUCTION 63 
 64 
Rehabilitating gait function is one of the main objectives for stroke patients, as it enables greater 65 
return to their activities and social participation.1,2 Robotic gait training has been used to restore 66 
function in individuals after stroke, promoting motor relearning with repetitive, intensive and task-67 
oriented training, with greater safety and less burden on therapists.1,3,4  68 
 69 
The speed and endurance for longer walking distances of these individuals are important 70 
aspects that should be improved with rehabilitation.5 In addition, proper trunk control is 71 
necessary for the individual to perform their functional activities with stability and safety.6  72 
 73 
OBJECTIVE 74 
  75 
The aim of the present study is to verify the effects of gait and stair robotic training, through the 76 
G-EO System, associated with conventional rehabilitation, on gait speed and resistance and 77 
trunk control of stroke patients. The findings may contribute to confirm the efficiency of the 78 
protocol used or improve it, as well as increase the clinical knowledge in the area and help the 79 
clinical practice of professionals working with robotics. 80 
 81 
METHODS 82 
 83 
This is a retrospective observational study, through analysis of medical records data, approved 84 
by the ethics and research committee with opinion number CAAE: 96949118.0.0000.0068. The 85 
study was carried out at the Institute of Physical Medicine and Rehabilitation, Hospital das 86 
Clínicas, School of Medicine, University of São Paulo - Brazil (IMREA-HCFMUSP). 87 
 88 
Initially, 137 medical records were selected for analysis, including all participants who had at 89 
least one session in the equipment. Of these, 57 were initially excluded, 11 because they 90 
participated in a research project involving the use of transcranial magnetic stimulation in the 91 
period, 34 because they performed less than twenty sessions, 1 because they were undergoing 92 
metastatic cancer treatment, 5 because they did not perform a final assessment after the training 93 
protocol, 3 due to behavioral disorder that could influence the response to the tests, 2 due to 94 
the lack of initial protocol assessment, 1 due to knee orthopedic problem. Thus, there were 80 95 
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other records of participants who completed the 20 robotic training sessions, of which, later, 52 96 
were excluded because they did not perform the pre or post intervention assessments of the 97 
scales chosen for the present study.  98 
 99 
Therefore, the analysis of results of a final sample was made with records of 28 participants in 100 
the chronic phase of stroke who underwent robotic training between July 2013 to December 101 
2018, the sample had a mean age of 49.03 years (± 15.66) , being 14 men and 14 women. 102 
 103 
G-EO System (Reha Technology, Olten, Switzerland) was used for therapeutic intervention in 104 
robotic gait. It consists of a bodyweight suspender and two robotic platforms that enable gait 105 
and stair training. The protocol performed was composed of 20 sessions of 20 minutes each, 106 
two times a week and may include gait, climb and down stairs modality.  107 
 108 
As a retrospective study, the time of each modality was not controlled and identical to all, being 109 
at the discretion of the physiotherapist who attended the participants each modality time, as 110 
needed by the patient. Suspension of body weight was not used in any of the participants, being 111 
the support of the same used only as a safety vest. In addition, during this period, participants 112 
also underwent conventional therapy, consisting of a multiprofessional program.  113 
 114 
Conventional physiotherapy occurred twice a week, with 50-minute care, consisting of 115 
stretching, strengthening, mobilization and functional training exercises (use of functional 116 
electrical stimulation, active lower-limb cycle ergometer, standing, balance, gait training and 117 
body awareness exercises), also including safety and independence training for activities of 118 
daily living. 119 
 120 
For analysis of pre and post effects of robotic gait training associated with conventional therapy, 121 
it was used the 10-meter Walk Test (10mWT)7 which assesses gait speed, the 6-minute Walk 122 
Test (6MWT),8 which assesses gait resistance, that is, how many meters the individual walks in 123 
6 minutes, and the Trunk Impairment Scale (TIS)9 which assesses the degree of involvement of 124 
this segment and its level of selective control. 125 
 126 
Data collection was performed by researchers who did not have access to their application when 127 
participants underwent the rehabilitation program. Data analysis was performed using the 128 
SigmaStat program. The normality of the distribution of variables was tested by the Kolgomorov-129 
Smirnov method. As there was a non-normal distribution of variables, to compare pre and post 130 
intervention effects, the Wilcoxon test was used. P values <0.05 were considered statistically 131 
significant. 132 
  133 
RESULTS 134 
 135 
Of the 28 participants, an average of 24.92 ± 12.18 months was found between the stroke 136 
episode and the start of robotic therapy. Of these, 16 had mild disability (unable to perform all 137 
previous activities but independent for personal care), 10 moderate disability (require some help 138 
but able to walk without assistance) and 2 moderately severe disability (unable to walk without 139 
assistance and unable to perform their own physiological needs without assistance), according 140 
to the Rankin scale.10 141 
 142 
Table 1 shows the results before and after 20 robotic intervention sessions associated with 143 
conventional therapy. 144 
   145 
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Table 1. Comparison of pre and post intervention results 146 
 Variable 
 
Sample with n = 28 
mean ± standard deviation 
post-pre, p value 
10mWT (m/s) before 
after 
0.498±0,27 
0.597±0,32 
0,099; p=0.00008* 
6MWT (m) before 
after 
155.89±85.96 
195.39±109.78 
39,5; p=0.00152* 
TIS before 
after 
14.29±5.30 
17.04±4,49 
2,75; p=0.00044* 
n-number of participants; 10mWT-meter Walk Test; m/s- meters per second; 6MWT- 6-minute Walk Test; m-147 
meters; TIS-Trunk Impairment Scale;*Wilcoxon with significance of p <0.05 148 
 149 
Participants showed significant differences in the tests performed. The 10mWT presented an 150 
average initial velocity of 0.498 m/s (±0.27) and final velocity of 0.597 m/s (± 0.32), with p = 151 
0.00008. The 6MWT presented a mean initial value of 155.89m (±85.96) and final value of 152 
195.39m (±109.78), with p = 0.00152. TIS presented an average initial value of 14.29 (± 5.30) 153 
and final of 17.04 (± 4.49), with p value = 0.00044. 154 
 155 
DISCUSSION 156 
 157 
The association of conventional therapy with robotic training enabled greater gait speed and 158 
endurance and trunk control in individuals with chronic stroke. 159 
 160 
The stair climbing exercise is a way to strengthen the lower limbs and also the trunk muscles, 161 
and a strengthening of the trunk muscles is essential for its stabilization and greater control of 162 
this segment.11 In turn, good trunk control is essential for stroke patients to regain their mobility 163 
and independence, besides being a predictor for recovery of walking ability.12  164 
 165 
In addition, G-EO System is an end-effector robot that modulates the individual's gait by coupling 166 
their feet on distal platforms. This kind of equipment leaves the user's body freer than 167 
exoskeleton robots, generating greater trunk oscillations, requiring greater activation of the 168 
region and performing greater trunk control during robotic therapy.3 These factors may have 169 
contributed to an improvement in the results obtained by TIS, presented in the results. 170 
 171 
After stroke, individuals move with lower speed and resistance, impairing their social 172 
participation.13 Thus, these are important markers for the rehabilitation of stroke patients, since 173 
the goal of treatment is that they are able to achieve safe locomotion with a functional speed, 174 
as far as possible for each case. The association of conventional therapy with robotic training 175 
was effective to improve these aspects in the sample.  176 
 177 
The robotic device generates a precise gait cycle with intense repetition of it, thus assisting in 178 
motor relearning of this pattern, promoting a neuroplasticity of the pathways and functional 179 
improvement of this ability.14  180 
 181 
In addition to gait training, G-EO System brings as an innovation stair climbing and descent 182 
training, performed in a safer way than in conventional physiotherapy. Stair training can, in turn, 183 
increase muscle strength, coordination, balance and cardiorespiratory conditioning.12 Thus, with 184 
the improvement of these aspects, it is also possible to improve the resistance for walking at 185 
greater distances, which may have contributed to an increase in the 6MWT. 186 
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This was the first study conducted in South America using G-EO System to rehabilitate the 187 
stroke population. The study has several limitations, such as not controlling the specific protocol 188 
of robotic therapy. For performing a retrospective analysis of an equipment used in the 189 
institution's routine care, there was no control of the speed used, time of each gait and stairs 190 
modality, and progression during the 20 sessions. There was also no control group, which 191 
makes it impossible to describe and separate motor gains due to robotic therapy and 192 
conventional therapy. Ideally, studies with group separation between therapies should be 193 
performed. This study group is in the process of conducting new research with advances in 194 
these aspects. 195 
     196 
CONCLUSION 197 
 198 
Robotic gait and up and down stairs training, associated with conventional therapy, was effective 199 
to promote increase in gait speed, trunk control, endurance and fitness for greater walking 200 
distances in individuals in the chronic phase after stroke, with respective significant increases in 201 
the scores of the 10-meter walk test, 6-minute walk test and TIS. Thus, the robotic intervention 202 
can be considered a good resource to be implemented in the rehabilitation program, allowing 203 
users a higher quality of life and functionality. 204 
  205 
REFERENCES 206 
 207 
1. Waldner A, Tomelleri C, Hesse S. Transfer of scientific concepts to clinical practice: recent 208 
robot-assisted training studies. Funct Neurol. 2009;24(4):173-7. 209 
 210 
2. Hesse S, Waldner A, Tomelleri C. Innovative gait robot for the repetitive practice of floor 211 
walking and stair climbing up and down in stroke patients. J Neuroeng Rehabil. 2010;7:30. 212 
DOI: http://dx.doi.org/10.1186/1743-0003-7-30   213 
 214 
3. Cho JE, Yoo JS, Kim KE, Cho ST, Jang WS, Cho KH, Lee WH. Systematic Review of 215 
Appropriate Robotic Intervention for Gait Function in Subacute Stroke Patients. Biomed 216 
Res Int. 2018;2018:4085298. DOI: http://dx.doi.org/10.1155/2018/4085298  217 
 218 
4. Hesse S, Tomelleri C, Bardeleben A, Werner C, Waldner A. Robot-assisted practice of gait 219 
and stair climbing in nonambulatory stroke patients. J Rehabil Res Dev. 2012;49(4):613-220 
22. DOI: http://dx.doi.org/10.1682/jrrd.2011.08.0142  221 
 222 
5. Mazzoleni S, Focacci A, Franceschini M, Waldner A, Spagnuolo C, Battini E, et al. Robot-223 
assisted end-effector-based gait training in chronic stroke patients: A multicentric 224 
uncontrolled observational retrospective clinical study. NeuroRehabilitation. 225 
2017;40(4):483-92. DOI: http://dx.doi.org/10.3233/NRE-161435  226 
 227 
6. Jung K, Kim Y, Chung Y, Hwang S. Weight-shift training improves trunk control, 228 
proprioception, and balance in patients with chronic hemiparetic stroke. Tohoku J Exp 229 
Med. 2014;232(3):195-9. DOI: http://dx.doi.org/10.1620/tjem.232.195  230 
 231 
7. Tyson S, Connell L. The psychometric properties and clinical utility of measures of walking 232 
and mobility in neurological conditions: a systematic review. Clin Rehabil. 233 
2009;23(11):1018-33. DOI: http://dx.doi.org/10.1177/0269215509339004 234 
 235 
AC
CE
PT
ED
 M
AN
US
CR
IPT
Ac
ta 
Fis
iat
r. 2
01
9;2
6(3
)
Siegle CBH, Carvalho JKF, Utiyama DMO, Matheus D, Alfieri FM, Ayres DVM, et al. Effects of robotic intervention associated 
with conventional therapy on gait speed and resistance and trunk control in stroke patients. Acta Fisiatr. 2019;26(3). Doi: 
https://doi.org/10.11606/issn.2317-0190.v26i3a167178   
 
 Article in Press 
 
8. Ng SS, Yu PC, To FP, Chung JS, Cheung TH. Effect of walkway length and turning 236 
direction on the distance covered in the 6-minute walk test among adults over 50 years of 237 
age: a cross-sectional study. Physiotherapy. 2013;99(1):63-70. DOI: 238 
http://dx.doi.org/10.1016/j.physio.2011.11.005   239 
 240 
9. Castelassi CS, Ribeiro EAF, Fonseca VC, Beinotti F, Oberg TD, Lima NMFV. 241 
Confiabilidade da versão brasileira da escala de deficiências de tronco em hemiparéticos. 242 
Fisioter Mov. 2009;22(2):189-99. 243 
 244 
10. de Haan R, Limburg M, Bossuyt P, van der Meulen J, Aaronson N. The clinical meaning 245 
of Rankin 'handicap' grades after stroke. Stroke. 1995;26(11):2027-30. DOI: 246 
http://dx.doi.org/10.1161/01.str.26.11.2027  247 
 248 
11. Lee SK. The effects of abdominal drawing-in maneuver during stair climbing on muscle 249 
activities of the trunk and legs. J Exerc Rehabil. 2019;15(2):224-8. DOI: 250 
http://dx.doi.org/10.12965/jer.1938056.028   251 
 252 
12. Morone G, Matamala-Gomez M, Sanchez-Vives MV, Paolucci S, Iosa M. Watch your step! 253 
Who can recover stair climbing independence after stroke? Eur J Phys Rehabil Med. 254 
2018;54(6):811-818. DOI: http://dx.doi.org/10.23736/S1973-9087.18.04809-8  255 
 256 
13. Wu M, Landry JM, Kim J, Schmit BD, Yen SC, Macdonald J. Robotic resistance/assistance 257 
training improves locomotor function in individuals poststroke: a randomized controlled 258 
study. Arch Phys Med Rehabil. 2014;95(5):799-806. DOI: 259 
http://dx.doi.org/10.1016/j.apmr.2013.12.021  260 
 261 
14. Esquenazi A, Packel A. Robotic-assisted gait training and restoration. Am J Phys Med 262 
Rehabil. 2012;91(11 Suppl 3):S217-27; quiz S228-31. DOI: 263 
http://dx.doi.org/10.1097/PHM.0b013e31826bce18  264 
AC
CE
PT
ED
 
AN
US
CR
IPT
Ac
ta 
Fis
iat
r. 2
01
9;2
6 3
)
